BACKGROUND: Among elderly patients, the management of type 2 diabetes mellitus (T2DM) is complicated by population heterogeneity and elderlyspecific complexities. Few studies have been done to understand treatment intensification among elderly patients failing multiple oral antidiabetic drugs (OADs).
U ncontrolled diabetes, defined as high levels of hemoglobin A1c (A1c; e.g., > 7.0%), among patients with type 2 diabetes mellitus (T2DM) is often treated by intensifying current treatment, either by adding oral antidiabetes drugs (OADs) or injectable drugs (e.g., insulin), or by increasing the dose(s) of the current drug(s). 1 Findings from randomized controlled trials have shown the benefits of treatment intensification among patients with T2DM with inadequately controlled diabetes with regard to reduction in A1c values. 2, 3 An observational study found that patients with T2DM with inadequately controlled diabetes who received treatment intensification were 67% less likely to have a 30-day hospital readmission or emergency department (ED) visit, as compared with those patients with T2DM without treatment intensification. 4 However, studies in different settings, such as U.S. Veterans Affairs institutions, integrated managed care practices, and general practices, have reported that among patients with T2DM with inadequately controlled diabetes (A1c ≥ 8.0%), treatment intensification rates can be as low as 20.8% 5 and as high as 64.0%. 6 It must be noted that both these studies included elderly (aged ≥ 65 years) and nonelderly patients with T2DM. In addition, rates of treatment intensification have for treatment intensification after controlling for clinical, demographic, and insurance characteristics; and health care utilization among elderly individuals who have inadequate glycemic control (A1c ≥ 8.0%) despite treatment with 2 OADs.
■■ Methods Study Design
An observational, retrospective cohort study design was used to estimate the median time to treatment intensification and factors associated with time to treatment intensification in a cohort of elderly patients with T2DM who, despite treatment with 2 OADs, had an A1c level ≥ 8.0%. The index date was defined as the first observed date with an A1c level ≥ 8.0%. The baseline period was defined as 6 months before the index date, and the follow-up period was defined as the period from the index date to the date of treatment intensification or the end of the study observation period (February 28, 2012) , or the disenrollment date of the Medicare beneficiary.
Data Source
Data from elderly patients with T2DM who were enrolled in the Humana Medicare Advantage Prescription Drugs (MAPD) plan database between January 1, 2007, and February 28, 2012, were used. This database includes claims data from more than 12 million current and previous Humana members and contains information on nearly 1.9 million MAPD plan members.
For these members, enrollment, and medical, pharmacy, and laboratory results claims files were made available to researchers. The enrollment files contain information on year of birth, race, sex, and monthly enrollment status of Medicare beneficiaries. The medical claims files contained information on hospitalization, cost, and diagnosis (based on the International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] diagnosis codes, and the American Medical Association Current Procedural Terminology codes). Pharmacy claims files included information on prescription fill date, days of supply, and the national drug codes for each dispensed medication. Laboratory results were available only for a third of the total enrolled population. The key fields in the laboratory claims were laboratory test codes and laboratory test results from which A1c values could be captured.
Study Population
The study population comprised elderly patients with T2DM aged ≥ 65 years at index date. T2DM was identified according to ICD-9-CM diagnosis codes 250.x0 (Diabetes mellitus type 2) and 250.x2 (Diabetes mellitus type 2, uncontrolled). Elderly patients with at least 1 inpatient visit or ≥ 2 outpatient visits with a primary or secondary diagnosis of T2DM were considered to have diagnosed T2DM. Several other inclusion criteria were applied in order to obtain the cohort for analysis: continuous enrollment for 6 months during the baseline period; receipt been found to be significantly lower among elderly individuals with T2DM. For example, at a U.S. Veterans Affairs institution, elderly patients with T2DM in the age groups 65-74 years and ≥ 75 years had lower treatment intensification rates compared with younger patients aged < 65 years with T2DM (18.6% and 17.3% vs. 23.3%, respectively). 5 Although joint guidelines from the American Diabetes Association (ADA) and the European Association for the Study of Diabetes suggest that treatment intensification should be "at as rapid a pace as titration of medications allows," 7 time to treatment intensification and factors associated with it among elderly patients have not been well researched. In a study, nonspecific to the elderly, that used data from 2002 on all members of the Kaiser Permanente Medical Care Program of Northern California, 57% of members who had inadequately controlled T2DM (A1c ≥ 8.0%) had their pharmacological therapy modified within 3 months. 8 An observational, retrospective cohort study using a General Electric Centricity electronic medical record database found that the median time to treatment intensification among individuals with T2DM who failed metformin therapy was 14 months.
Although not specifically for elderly patients, the findings from this study indicate that age may be inversely associated with time to treatment intensification (adjusted hazard ratio [aHR], 0.995; 95% confidence interval [CI] = 0.992-0.997; P < 0.001). 6 Other investigators studied data from a multispecialty group practice in southeast Michigan. They found that in patients with T2DM who, despite receiving monotherapy with OADs, had sustained hyperglycemia (defined as 2 A1c values of > 8.0% and no recent treatment intensification), the mean time to treatment intensification was 9.7 months. 9 The mean age (± standard deviation [SD]) of the patients in this study was 58 (±12) years. 9 Treatment intensification, which has a significant role in the attainment of glycemic control, can have a positive impact on A1c levels among elderly patients with T2DM; the prevalence of T2DM can be as high as 27% in the elderly population. 10 There is also a need for personalized treatment intensification among elderly patients with T2DM because of the complexities associated with the aging process. Guidelines published by the American Geriatrics Society (AGS) emphasize the fact that frailties and complexities of older patients with diabetes need to be considered when managing diabetes among the elderly. 11 In this context, the AGS has highlighted 6 syndromes in particular that require consideration: cognitive impairment; depression; falls and fall risk; pain; polypharmacy; and urinary incontinence. None of the studies mentioned above has studied the association between time to treatment intensification and elderly-specific patient complexities.
The primary objective of this study, therefore, was to examine the association between time to treatment intensification and elderly-specific patient complexities as novel risk factors 
Dependent Variable: Time to Treatment Intensification
Among patients with T2DM in whom treatment was intensified during the observation period, time to treatment intensification was calculated as the number of months between the index date and the first observed date with intensification (defined as either initiation of insulin or addition of a third OAD). T2DM patients who did not receive treatment intensification during the observation period were considered "censored" and separated from the patient cohort with treatment intensification. Time to treatment intensification among those patients with T2DM with no treatment intensification during the follow-up period was calculated as the number of months between the index date and the study observation end date.
Independent Variables
All independent variables were measured during the baseline period.
Demographic and Insurance Characteristics. Demographic variables included age (65-74 and ≥ 75 years); sex; race (white, African American, Hispanic, and other); and U.S. region (Midwest, South, and Northeast/Northwest/other). Insurance type (health maintenance organization [HMO], preferred provider organization, fee-for-service, and other) and MAPD coverage gap (popularly known as the "donut hole") were assessed. Patients were defined to be in the donut hole if they had the coverage gap during the baseline period, whereas those without the coverage gap were categorized as being present in the pre-or post-donut hole phase.
Health Care Utilization. Health care utilization was identified as any inpatient visits, any ED visits, or number of outpatient office visits grouped as 0, 1-2, or ≥ 3.
Clinical Characteristics. Diabetes severity was assessed as a clinical characteristic using the Diabetes Complications Severity Index (DCSI), 12 which used automated diagnostic data (i.e., ICD-9-CM codes) without laboratory data, using the modified algorithm by Chang et al. (2012) . 13 DCSI scores were grouped into 4 categories based on quartiles. The presence of hypoglycemia was measured using the Ginde algorithm 14 and baseline A1c values were categorized as follows: ≥ 8.0% to < 8.5%; ≥ 8.5% to < 9.0%; and ≥ 9.0%. Co-occurring conditions were defined using an algorithm specifically developed for "diabetes care within the context of comorbid conditions" by Piette and Kerr (2006) 15 and were classified based on the following hierarchy: dominant, concordant, and discordant conditions. Because of considerable overlap between concordant conditions and DCSI and other measures of elderly-specific patient complexities, only 1 discordant condition, the presence of chronic obstructive pulmonary disease (COPD), and 1 dominant condition, the presence of cancer, were used to define co-occurring conditions.
Elderly-Specific Patient Complexities.
Based on the consensus statement for diabetes care in elderly patients published by the ADA and the AGS, elderly-specific patient complexities were defined as the presence or absence of 5 geriatric syndromes: cognitive impairment; depression screening; falls and fall risk; polypharmacy; and urinary incontinence.
11 These elderlyspecific patient complexities were identified using the ICD-9-CM diagnosis codes presented in the Appendix. Cognitive impairment was defined as the presence of Alzheimer's disease, dementia, Huntington's disease, Parkinson's disease, schizophrenia, bipolar disorder, or psychotic disorders. As depression screening was unavailable in the dataset, we used the presence of major depressive disorder as a proxy for depression screening. Falls and fall risk were captured using ICD-9-CM E-codes and V-codes. 16, 17 Polypharmacy was measured as the total number of drugs that were 1 SD above the mean number of drugs. 18 Polypharmacy was further classified as ≤ 6 drugs and > 6 drugs for this assessment. Urinary incontinence was also captured using ICD-9-CM diagnosis codes.
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Sensitivity Analysis
We also conducted sensitivity analyses by including dose escalation as 1 of the forms of treatment intensification among elderly patients with T2DM who remained on 2 OADs. Dose was considered to have increased if the daily dose of either of the 2 active ingredients from the baseline period was increased anytime during follow-up. The active ingredient information from the baseline period was matched with that in the followup period, and if the 2 active ingredients remained the same, the daily doses were directly compared to assess dose escalation. However, in the case of different active ingredients but similar therapeutic classes, dose escalation was derived using the comparison with the maximum daily dose. The maximum daily doses of each medication were obtained using Lexi-Drugs files (with AHFS DI Essentials and AHFS DI for hospital and academic clients). The maximum daily dose of the active ingredient during the baseline period was compared with the other active ingredient during the follow-up period, and individuals were considered to have OAD dose escalation if they had received a maximum daily dose in the follow-up period but not during the baseline period.
Statistical Analysis
Survival analysis techniques were used to test unadjusted and adjusted associations between time to treatment intensification and independent variables. Unadjusted differences were ana-
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lyzed with Kaplan-Meier product limit estimates, and log-rank tests were used to examine statistically significant differences for days to treatment intensification. In our study, time to treatment intensification is a duration variable with each individual having a start date and an end date anywhere along the time line of the study observation period. Kaplan-Meier analysis is a simpler way of examining differences in time to treatment intensification when not all the individuals received intensification at the same time or did not receive treatment intensification within the observation period (i.e., censoring).
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Multivariable Cox-proportional hazards regression was used to analyze the association between the independent variables and days to treatment intensification in the presence of censoring. The following baseline variables were included in this regression: elderly-specific patient complexities (cognitive impairment, depression, falls and fall risk, polypharmacy, and urinary incontinence); clinical characteristics (DCSI, hypoglycemia, A1c levels, discordant condition [COPD] , and dominant condition [cancer]); demographic and insurance characteristics (sex, race, age, U.S. region, insurance type, and donut hole status on index date); and health care utilization (any inpatient visits, any ED visits, and the number of outpatient visits). Parameter estimates are expressed as aHRs and 95% CIs associated with the parameter estimates. Variations in treatment intensification rates were examined by varying the follow-up periods: 4, 6, 12, and 24 months.
■■ Results
After applying all exclusion criteria, we used a study population of 16,653 elderly patients with T2DM with inadequately controlled A1c levels (≥8.0%) enrolled in the Humana MAPD plan database. Patient attrition is shown in Figure 1 . A majority of the study population was male (51.3%), white (69.4%), aged 65-74 years (63.8%), living in the South of the United States (79.4%), and enrolled in HMO insurance plans (70.1%). In terms of diabetes severity, 34.2% of the study population was within the lowest category of DCSI scores and 30.2% was within the highest. A small proportion of patients had inpatient and ED visits (11.7% and 8.9%, respectively) during the baseline period. The average follow-up time in the study was around 22 months (range 0-56.9 months; median 19.6 months).
In the study population, 48.7% of elderly patients with T2DM received treatment intensification during follow-up, with a median time to treatment intensification of 18.5 months. Table 1 shows the subgroup differences in median time to treatment intensification, 95% CIs, and statistical significance based on log-rank tests. Statistically significant differences in median time to treatment intensification were found for the following variables: age, race, U.S. region, insurance type, prescription drug coverage gap on the index date (in the donut hole), inpatient visits, ED visits, number of outpatient visits, A1c, falls and fall risk, polypharmacy, and urinary incontinence.
Median time to treatment intensification was shorter for elderly patients with T2DM with polypharmacy (16.5 months) and falls and fall risk (12.7 months) versus those without polypharmacy (20.4 months) and no fall risk (18.6 months). Elderly patients with urinary incontinence had a longer median time to treatment intensification (18.6 months) versus those without urinary incontinence (14.6 months). The median time to treatment intensification did not significantly differ by the elderly-specific patient complexities of cognitive impairment and depression. Individuals with baseline A1c values ≥ 9.0% had shorter median time to treatment intensification (12.1 months) than those with A1c values of ≥ 8.0% to < 8.5% and ≥ 8.5% to < 9.0% (23.2 months and 16.9 months, respectively).
Treatment intensification rates varied by follow-up months (Table 2 ). For example, 23.5% of patients received treatment Variables associated with lower aHRs of treatment intensification were African American race (aHR, 0.83; 95% CI = 0.79-0.89; P < 0.001), aged ≥ 75 years (aHR, 0.90; 95% CI = 0.86-0.94; P < 0.001), residing in the South of the United States (aHR, 0.88; 95% CI = 0.82-0.95; P < 0.001), enrollment in an HMO insurance plan (aHR, 0.85; 95% CI = 0.80-0.91; P < 0.001), and pre-or postdonut hole status (aHR, 0.75; 95% CI = 0.70-0.81; P < 0.001).
FIGURE 1
Study Cohort Selection Chart
Results from sensitivity analysis (including dose escalation) revealed that median time to treatment intensification decreased to 11.1 months (95% CI = 10.6-11.6). Results from multivariable Cox-proportional hazards regression remained the same as our previous analysis without dose escalation.
■■ Discussion
This study analyzed the factors associated with time to treatment intensification among elderly Humana MAPD plan database patients with T2DM who had A1c levels ≥ 8.0% despite using 2 OADs at baseline. The study found that 51.3% of elderly patients with T2DM and A1c levels ≥ 8.0% were censored without treatment intensification, and 48.7% received treatment intensification over a period of 4.67 years. As previous studies have included both nonelderly and elderly populations, 5,6 the current study findings cannot be directly compared. However, in a study that provided data on age categories and was based on author calculations, only 18.3% of elderly patients (aged intensification within 4 months; 27.8% within 6 months, 36.9% within 12 months, and 44.7% within 24 months. Among those with treatment intensification, a majority received it through the addition of a third OAD (58.7%; n = 4,754) followed by insulin initiation (41.3%; n = 3,349). This finding was consistent across all lengths of follow-up. Statistically significant differences in rates of treatment intensification by age were observed for all follow-up months (P < 0.001).
Adjusted hazard ratios and 95% CIs from multivariable Coxproportional hazards regression are presented in Table 3 . The only elderly-specific patient complexity to significantly affect time to treatment intensification was polypharmacy. T2DM patients taking > 6 drugs had a higher aHR of treatment intensification compared with those taking ≤ 6 drugs (aHR, 1.10; 95% CI = 1.04-1.15; P < 0.001). Other elderly-specific patient complexities were not significantly associated with time to treatment intensification.
Other variables associated with significantly higher aHRs of treatment intensification were ≥ 3 outpatient visits (aHR, 1.09; 95% CI = 1.03-1.15; P = 0.021), DCSI categories 1-2 (aHR, 1.07; 95% CI = 1.00-1.14; P = 0.051) and 4-12 (aHR, 1.09; 95% CI = 1.02-1.17; P = 0.025), and patients with baseline A1c values of ≥ 8.5% to < 9.0% (aHR, 1.20; 95% CI = 1.12-1.27; P < 0.001) and ≥ 9.0% (aHR, 1.51; 95% CI = 1.44-1.59; P < 0.001). 22 Future research needs to explore whether such lack of association is due to personalized treatment goals or better management of diabetes through coordinated care among individuals with T2DM and complex chronic conditions.
In the current study, the only elderly-specific patient complexity that was significant was polypharmacy, and these patients had a shorter duration of time to treatment intensification compared with patients without polypharmacy. A previous study has reported that T2DM patients with OAD polypharmacy were more likely to have poorer glycemic control compared with those patients without polypharmacy. 23 Although not specific to elderly patients with T2DM, predictive models in health care suggest that the number of medications a patient takes is predictive of medical complexity 24 ; therefore, it is possible that health care providers may intensify current treatment(s) in order to reduce adverse outcomes in medically complex patients, for example, those with polypharmacy.
Patients aged ≥ 75 years had longer median time to intensification compared with those aged 65-74 years. We do not know of any comparable studies assessing time to intensification in elderly T2DM patients. However, existing evidence suggests that among adult patients with T2DM, younger individuals (aged < 65 years) had higher rates of treatment intensification compared with elderly individuals. 5 Other studies have found that intensification of treatment decreases with increasing age. 5, 6, 24 Because of the lack of strong evidence that tight glycemic control is beneficial to older patients with T2DM, health care providers may not intensify treatment regimens in these patients. 25 Previous studies have demonstrated that older patients with T2DM had less treatment intensification compared with patients in other age groups.
26, 27 Future studies should examine if patient-physician factors influence treatment intensification among elderly patients with T2DM.
The current study found that the aHR for treatment intensification was lower for African American patients with T2DM compared with white patients, suggesting a significantly longer time to treatment intensification in this racial group. Again, owing to a lack of studies that focus exclusively on elderly patients with T2DM, the validity of the current study's findings with regard to race cannot be confirmed. Specific reasons for lower treatment intensification among African Americans were not directly examined in this study and can only be speculated. It has been suggested that physician behavior may be influenced by a patient's race/ethnicity, 28 which may have resulted in the longer time to treatment intensification among African American patients as seen in the current study. Furthermore, beliefs by African American patients about differential treatment from health care providers due to their race 29 and lack of trust in medical systems 30 may have translated into the longer time to treatment intensification for this racial group. ≥ 65 years) with T2DM had received treatment intensification over a period of 14 months. 6 This finding suggests that the high rates of treatment intensification observed in the current study could be due to the long follow-up period. In the current study, median time to treatment intensification was 18.5 months, but because of the few studies among elderly patients with T2DM, it is not possible to compare the current study findings to existing studies on time to treatment intensification.
A noteworthy finding of the current study is the absence of an association between treatment intensification and elderlyspecific patient complexities except for polypharmacy. These findings suggest that in a managed care setting, patient complexities are not associated with time to treatment intensification. It has been suggested that the quality of diabetes care among MAPD plan enrollees with T2DM and comorbid conditions is higher than in those patients without comorbid conditions. 21 It is highly plausible that MAPD plan enrollees Given that half of the study population in the current study was censored without treatment intensification (defined as patients without dose escalation), our findings suggest a need for programs designed to promote treatment intensification in patients with T2DM. Several initiatives have been proven to reduce clinical inertia in diabetes management, most notably educational interventions among physicians that target cognitive barriers to medication initiation and intensification; clinical decision-support interventions using electronic medical record technology; and patient activation interventions.
31, 32 The low rates of treatment intensification among elderly patients with T2DM in the current study warrant the use of such interventions, specifically tailored to elderly patients.
Limitations
The study findings must be interpreted in the context of some limitations. As this was an observational, retrospective cohort study, the data may be subject to confounding and selection bias. The presence of a claim for filled prescriptions does not indicate if the medication was actually consumed or if it was taken as prescribed. Our dose escalation measurement may be an overestimation because we considered dose increases However, the strengths of this study are many and include its use of a nationwide database of Humana MAPD beneficiaries, examination of factors associated with treatment intensification in elderly patients with inadequately controlled T2DM (enabled by access to laboratory data on A1c levels), adjustments to a comprehensive list of independent variables, assessment of patient complexities, and inclusion of dose escalation based on drug names and potencies.
■■ Conclusions
The current study makes a unique contribution to the existing literature on treatment intensification for patients with inadequately controlled diabetes by exclusively focusing on elderly patients (aged ≥ 65 years) seeking care in real-world practice settings. Also, it assesses the association between treatment intensification and elderly-specific patient complexities; clinical, demographic, and insurance characteristics; and health care use. The current study found that nearly half of elderly patients with T2DM did not receive treatment intensification over a 5-year period, and that elderly-specific patient complexities did not negatively affect time to treatment intensification. Further studies are warranted to examine why some subgroups of patients with uncontrolled T2DM, such as those aged ≥ 75 years and African American patients, had lower treatment intensification rates and had to wait longer to receive treatment intensification. 
APPENDIX
ICD-9-CM Diagnosis Codes (continued)
